Abstract-Property of a gel that responses to heat change contributes many advantages in topical application where the rheological properties illustrate stability of gel during storage and its spreadability upon application. In this work, a gel mixture consists of carboxymethyl cellulose (CMC) and iota-carrageenan (ι-C) was prepared and its rheological properties under temperature and Ca 2+ ions effect were evaluated. Subsequently, hydroquinone was incorporated into the optimized gel formulation to study its in vitro release at 30 and 37°C. Higher concentration of cation Ca 2+ was proven to increase the gel strength, however there was a limit where the concentration of cation does not affect the viscosity η and storage modulus G' of the system anymore. The phase transition of the gel mixture from solid-like to liquid-like was thermally activated and reversible. The gel mixture with gelling point in the vicinity of body temperature was selected as the optimized formulation. In vitro release revealed the effect of thermoresponsive behavior of gel on delivery of active ingredient. The formulation showed flowing behavior at 37°C where it provided enhanced release of hydroquinone. These results suggested that gel mixture of CMC and ι-C is a good candidate to be developed as a thermoresponsive gel for topical delivery of hydroquinone.
INTRODUCTION
Semisolid formulations have a long history in topical use since the ancient times. Gel formulation is considered superior to cream formulation which is always limited by potential separation problems. Moreover, the absence of greasiness and cooling effect upon application on haired skin add more credit to the gel formulations [1, 2] . However, gel formulations sometimes are restricted by its poor spreadability upon usage, thus leading to inhomogeneous distribution of active ingredients and reduced efficacy of the product.
A gel system is formed by a three-dimensional network either by chemical covalent bond or non-covalent interactions, in which one phase dispersed in another continuous phase. There are numerous types of gelling agents being used in cosmetic and pharmaceutical industries for their emulsifying and thickening properties. In order to build a system with good spreadability and stability at the same time, the gel has to remain as solid at room temperature and easily flow when applied on skin. Therefore, a thermoresponsive material falls to the priority of choices. In fact, thermoresponsive hydrogels had been studied extensively to work in various applications. For instance hydrogels response towards temperature changes by swelling or contracting could act as an on/off switch in catalysis where the catalyst is induced to move into and out of the reactant layer [3] . Normally hydrogels that appear as liquid at ambient temperature and transform to gel at physiological temperature are utilized in biomedical applications. Studies of drug delivery mainly focused on hydrogels with low critical solution temperature (LCST) which become insoluble above a certain temperature. At high temperature, the pressure generated due to gel collapse is able to squeeze out the drug loaded below the LCST [4] . In addition, thermoresponsive hydrogels were also found useful in cell culture substrates. The cells attach to the hydrophobic surfaces at temperature above LCST and detach the hydrophilic surfaces at temperature below LCST [5] . While most studies preferred on forming gel at physiological temperature, a rigid hydrogel which flows as liquid at body temperature is desired for topical applications [6] . With this thermoresponsive behavior, active ingredients will be released from the gel matrix and easily distributed on skin upon application.
Among all the natural gelling agents, iota-carrageenan (ι-C) possesses the desired property. It is an anionic polymer with two sulfate groups per disaccharide unit. Formulation of various kind of texture for topical applications was possible owing to its ability to form a clear and elastic gel with viscoelastic properties 1 The article is published in the original. [7] . It has been commonly reported that ι-C in aqueous solution is reversibly transformed from an ordered conformation at low temperature to a random coil conformation at high temperature [8] [9] [10] . The gel strength of ι-C strongly depends on the types of counter ions according to previous studies who had found that the divalent cations affect more on the gelation behavior if compared with monovalent cations [9, 11, 12] . Rheological property of a material is a powerful tool in designing the manufacturing, packaging and storage processes due to its varying responses towards different environmental conditions such as temperature, concentration, electrolytes, mechanical treatment, pH value, dispersion and dissolution [13] . Moreover, it can influence the visual and textural perception of the consumers since the physical stability, ease of use, spreadability and skin feel of products can be illustrated through low and high shear rheological tests [14] .
POLYMER GELS
Study on rheological properties of topical formulations at room temperature is common for stability and sensory tests but very limited attention has been paid to the effect of temperature which can be used to simulate the manufacturing process and practical application. In present work, the temperature effect and Ca 2+ ions effect on rheological properties of gel CMC-ι-C were investigated. Hydroquinone was incorporated to study its release from the gel matrix at different temperature.
EXPERIMENTAL

Materials
Carboxymethyl cellulose (CMC) was purchased from Dai-Ichi Kogyo Seiyaku (Kyoto, Japan) while iota-carrageenan (ι-C) was supplied by Sigma Aldrich (St. Louis, USA) respectively. Calcium chloride anhydrous (CaCl 2 ) was obtained from Merck and hydroquinone was bought from BDH Laboratory Supplies (UK). All solutions and samples were prepared by using deionized water with resistivity of 18.2 Ω/cm, which was supplied from a Barnstead Diamond Nanopure Water Purification unit coupled with a Barnstead Diamond RO unit (Barnstead International, USA).
Sample Preparation
Ca 2+ solutions were prepared by adding different weight percentages of CaCl 2 salt into a beaker and deionized water was added up to 100 g. They were then being labelled a-e (Table 1) . A series of mixture of ι-C and CMC were prepared by adding different amounts of ι-C powder and CMC powder into 9.80 g of Ca 2+ solution ( Table 2 ). The samples were labelled according to the ratio of ι-C to CMC and the concentration of Ca 2+ ions, for example ιc28b represents a gel mixture of ι-C and CMC at ratio 2 : 8 in 0.02% Ca 2+ solution. All the solutions were heated in water bath up to 80°C until a clear gel was obtained. They were then being kept at room temperature for 24 hours before the rheological measurements.
Rheological Measurements
A strain rate/stress controlled Bohlin Gemini C-VOR Rheometer (Malvern, UK) was used to perform the rheological measurements. All tests were done at 25 ± 1°C (except temperature sweep) with measuring geometry cone and plate 4°/40 mm and a gap of 0.150 mm. Viscometry test was first performed at controlled shear rate ranged from 0.01-100 s -1 . Oscillatory test was started with amplitude sweep at controlled strain mode within strain range 0.01-10 units at constant frequency 1 Hz to obtain the linear viscoelastic region (LVR) for the following frequency and temperature sweep tests. The frequency sweep was then performed at constant strain 0.05 unit at frequency range 0.1-10 Hz. Temperature sweep was carried out with temperature ramp cycle by heating from 20 to 80°C and then cooling from 80 to 20°C with rate 10 grad/min, at single frequency of 1 Hz and constant strain 0.05 unit. Mineral oil was dropped around the edge of the exposed sample and solvent traps were used to minimize the evaporation of sample.
Field Emission Scanning Electron Microscopy (FESEM)
The aqueous gel mixtures with and without Ca 2+ ions were frozen at -20°C for 24 h and then transferred to the freeze-dryer at -55°C for 72 h. After that, the morphology of the gel mixtures in solid form was 
